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SOLAR OBSERVATIONS 
SOLAR RADIATION MEASUREMENTS DURING JUNE, 1932 

By HERBERT H. KIMBALL, in charge, Solar Radiation Investigations 
By IRVING F. HAND 

For a description of instrunients employed and their 
exposures, the reader is referred to the January, 1931, 
REVIEW, page 3G. 

Table 1 shows that solar radiation intensities averaged 
well above normal for June a t  Washington, and slightly 
above a t  Madison and Lincoln. 

Table 3 shows a deficiency in the total solar radiation 
received on a horizontal surface a t  Washington, Lincoln, 
Twin Falls, and La Jolla, and an excess a t  all other 
sta bions. 

very clear days. 
Table 3 shows high turbidity during June except on 

The increase in turbidity due to the 
13414Ck32 

presence of ice crystals, noted when observations were 
taken nenr cirri, is well niarked. No indication of dust 
from the rather recent volcnnic eruptions in Argentina 
and Chile has been detected, and it is quite improbable 
that the a tinosphere below the greatest height seemingly 
reached by this dust, a t  a point so far south of the 
Equntor, would soon move in quantity to the Northern 
Heiiiisp here. 

Polarization observations obtained at  Washington on 
five days give a mean of GO per cent with a maximum of 
68 per cent on the 24th. At Madison, observations 
obtained on seven days give a mean of 62 per cent with 
a niaximuni of 73 per cent on the 28th. All of these 
values are aboye the average for June. 

In order to approach the highest possible degree of 
nccimtcy in observations to be utilized for the Polar Year 
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75th 
mer. 
time 

Date  

e. 

studies, the International Meteorological Committee of 
the International Geodetic and Geophysical Union has 
requested that all pyrhelioriieters be coiiipared with a 
standard and substandard instrument. In  compliance 
with this request, the Marvin pyrheliometers in use a t  
Washington, Madison, and Lincoln were conipared in 
June with the Srnithsonian silver-disk pyrheliometer No. 
1-bis, and this substandard in turn was compared with 
substandard instruments n t  the Sinithsonian Institution. 
As a result of these coiiiparisons it was found necessary 
to change the factors in use a t  Washington, Madison, and 
Lincoln by dividing them by 0.973, 0.962, and 0.974, 
respectively. The new factors will be adopted July 1, 
1932. 

At, the Racliation Conference helcl in Berlin and Pots- 
dam February 23-26, 1931 , Dr. Angstrom requested that 
"observers give accurate information on the opening of 
their pyrheliometer." The Weather Bureau uses the 
Marvin electrical pyrheliometer for its routine o bservn- 
tions and the Sniithsonjan silver-disk substandard for 
field work and check purposes. Table 4 gives the infor- 
mation soncerning these two instruments m, requested 
by Dr. Angstrom. 

TABLE 1 .--Solar radiatzon ititensities during June, 19SB 
[Gram-calories per minute  per square centimeter of normal surface] 

Washlugton, D. C. 

Air mass Local 
mean 
s o l s  

A. M. P. M. time 

- 

~ _ _  
5.0 I 4.0 I 3.0 j 2.0 1.0 2.0 1 3.0 I 4.0 1 5.0 e. 

~ ~ _ _ - _ _ ~ _ _ - _ _ _ _ _ _  

__ 

I Gun's zenith distance 

I mm. 
June 7.5i 
June 12.66 
J U U Q  13.13 

8a .m.  76.7O 75.7' 70.0° 60.0" 0.0" 1-1 I I I I 

ra i .  ca!.  cui.  
.................. 
................... 
.................. 

60.7' 700' 75.7' 78.7' Noon 1 . 1  1 1 -  

cal .  
1.36 
0.94 
1.19 
1.36 
1.44 
1.31 
1.44 

cui.  I e a [ .  e a / .  ca i .  
........................ 
........................ _ _ _ _ _ _  ._._._ __.___ _____. 
........................ 

1.16 0.99 ............ 
........................ 
........................ 

Juue22.-. ...... 
June 2 iL .  ..... 
June 'ZL- ...... 
June 3... ...... 

hIeaus 
Departures 

...... ...... ...... ...... ...... ...... ...... ...... I 9.14 
7.04 
9.14 
4.37 
12.24 

13.13 ...... 0.80 0.95 1.10 1.3b 1.11 0.92 0.80 ...... 11.38 
12.24 ...... 0.97 1 . O i  1.22 1.43 1.11 0.88 0.82 ...... 12.24 
14 10 ........................ 1.30 1.11 0.93 0.83 ...... 13.13 
16.20 ............ 091 1.13 1.35 1.W 0.89 0.73 0.60 16.20 

.................... 0.82 0.95 1.12 1.36 1.10 0.80 0.80 (0.60) ...... 
............... +O. 06 +O. 08 +O. 02 fO. 00 +O. 01 fO. 00 +O. 01 +O. 01 ...... 

..... 

Date 

TABLE l.--SoZar radiation intensiti during June, 19%-Continued 
Msdlson, WIS. 

Air maes Local 
mean 
solar 

4. hf.  P.  h1. time 

75th 
mer. 
time 

_ _ ~ _ _ - _ _  - 
e. 5.0 1 4 . 0  1 3 . 0  12 .0  ~ ~ 1 . 0 ~  2.0 1 3 . 0  1 4 . 0  1 5 . 0  e. 

Sun's zenith distance 

June 1 .......... 
J u n e 2  .......... 
June 3 .......... 
J u n e 4  .......... 
June; .......... 
June8 .......... 
June 9 .......... 
June 10 ......... 
June 23 ......... 
June 24 ......... 
June 2% ......... 

Means ........ 
Departures.. . 

nin i .  e a ( .  cui. cai .  e a / .  cui.  ra l .  cai .  ca i .  ca l .  inm. 
11.38 ............ 0.76 0.96 1.22 0.65 .................. 11.48 
11.38 ........................ 1.17 0.82 .................. 9.14 
12.24 ........................ 1.311 ........................ 9.83 
12.24 .................. 0.81 1.15 ........................ 15.11 
14.10 0.74 0.83 9.47 
8.30 0.73 0.83 1 . W  1.21 1.49 1.27 .................. 4.42 

............ .............................. 

10 ..-- -. - - - 
15 ......... 
16 ......... 
"~ 

1832 
June 3 ..................................... 
June  IO.. .................................. 
June 17 .................................... 
June  24 1 ................................... 

ml. 
836 
328 
387 
605 

June 28 ......... 10.97 
hIeans 
Departures +O. 03 

cal. 
49a 
561 
575 
WO 

tal. 
1.04 

0.8i 
1.06: 
1.20 
1.08 
1. 10 
1.05 
1. 05 

-0.04 

.____. 

cal. ral. eai. cal. ea/ .  cui. 
539 453 590 732 611 354 
517 542 354 737 375 466 
532 S67 470 732 516 540 
576 51 1 545 715 497 692 

cnl. 
405 

582 
534 

......... 

mnr. 
8.48 

13.13 
11.38 
14.60 
7. '29 
9.83 

10.21 

eal.  cal. 
508 421 
449 395 

399 569 
576 400 

Lincoln, Nebr. 

I I I I I I I I I I I  
June7  .......... 14.60 ...... 16.20 
June 14 ......... 12.68 ...... 12.24 
June15L- ...... 12.66 ...... 12.68 
June 18 ......... 12.66 1.29 11.81 

~~ 

0 Extrapolated. 
1 Mo. WEATHER REV. 69: 187. 

TABLE 2.--Solar radiation (direct +diffuse) received on a horizontal surface 

P2:g Week beginning 

[Oram calorias per squnm centimeter] 

AVERAOE DAILY TOTALS 

Madison1 Lincoln I Chicago 1 F:z ~ Fresno 1 :$$ 1 zi 
- - ~ ~ _ _ _ ~ _ _ _  

Twin 
Falls 

cal.  
474 
576 
676 
659 

La Jolla 

cal.  
440 
445 
474 
408 

-I--- I 

D E P A R T U R E S  F R O M  W E E K L Y  NORMALS 

J u n e 3  ..................................... +144 -16 +35 +IN +70 +140 .......... -127 -101 
June10 .................................... I -161 1 +61 1 1; 1 +I23 1 -51 I +03 1 -107 I .......... 1 -68 1 $2; 1 .......... 1 z2 58 .......... 
June17 .................................... -93 +53 -30 4-138 -52 4-40 4-28 .......... -16 +26 -90 +43 .......... 
June24 .................................... +77 +40 -26 +72 +121 +25 +14 .......... -37 -54 +34 +B .......... 
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Date and 
solar hour 

angle 

TABLE 3.-Sola~-radiation measurements, and deter minations of 
atmospheric turbidity jactor, 8. Washington, D.  C. ,  June, 1962 

''Iar 

:&, 

POSITIONS AND AREAS OF SUN SPOTS 

~- 
June 1 

5:42a ...... 
5:36a ... . 
5:Ol a. . 
4:55 a...... 
0:40 a...... 
0:31 a...... 

[I:oiiiruunicatcd hy ('iipt. J. F. Hellweg, Superintendent Cnited States Naval Ohserra- 
tory Da ta  furnished hy Naval Observatory in cooperation with Harvard Yerkes 
Perkins, and Mount \Vilson Observatories. 'The differences of longitude &e meas! 
ured front central ineridian, positive west. The  north latitudes are plus. Areas are 
corrected for foreshortening and areexpressed in millionths of sun's visible hemisphere. 

17-00 
1849  
24-51 
25-57 
71-09 
7148 

'alues in italics have been interpolated] 

Longi- 
tude 

97. 7 

~ - 

Air 
uass 
m 

- 

3.40 

-. 39 
2.28 
1.05 
1.05 

1.30 
1.40 
1. E4 
1. I3 
1. 85 
1.88 

1. !XI 
1. 94 
1. 51 
1.49 

3.47 
3. 31 
2. 75 
2. fj5 

3. 81 
3.12 
2. 97 
2.32 
2. ?G 
1. 9s 
1.91 
1.58 
1.4s 
1.07 
1.07 
1.04 
1.04 
1.30 
1.32 
1.55 
1. 70 
1. 90 
1.94 

1.71 
1.66 
1. 41 
1. 40 

3.64 
3.23 
2. 3'1 
2. 19 
1.65 
1.61 
1. 51 
1. 48 

1. 22 
1.26 
1. 51 
1.56 
1. 71 
1.75 
1. 94 
1.99 
2.0; 

1. 38 
1. 33 
1. m 
1. 07 
1.05 
1.05 
1. 07 
1. 08 
1. 19 
1.21 
1. 54 
1.60 
1.83 
1. 87 
2. w 
2. 14 

$20 

- 

Lati- 
tude 

____ 

0 0  

+4.0 
h in 
10 4R 
10 33 
10 39 
10 36 
11 2s 
10 20 

12 3 

10 57 

4-85.0 
1 

-70.0 
-56.0 
--.1".0 
-70.0 
-30.0 

-51.0 
-14. 0 
-41.0 
-3Y. 0 

-55.0 

June 2 
3:mp ...-. 
3:16p ..... 
3:57 p -  . . . 
4:Ol p- .  . . . 
4:21p ..... 
424 p- -. -. 

4&4S 
45-16 
37-20 
3&?2 
32-30 
32-04 

247 

...- 

..-.. 

@2 

..... 
15 

_..._ 

12 

9 
6 

6 

6 

279 
138 

..... 

...._ 

.-... 

..-- 

_.._. 

-.... 

..... 

---.... 247 

185 185 
185 185 
185 185 

185 247 
46 ._..._ 

..__.......__ 
185 246 
46 ._._.. 

247 305 

247 262 

185 191 

185 191 
..-..-. 279 

.. 138 

._.__.._.._._ 

..__...._._._ 

. - -. -. . - - - -. . 

...._....___. 

. -. . -. . . . - -. 
--......-____ 

/ - - - i i s  185 

1.027 
0. !Jill 
0.951; 
0,s; 
0.S81 

0. 765 
0. 719 
0. 712 
0.670 
0.664 

2ii .4 
236.8 
276.8 
237.6 
241.6 
278.6 
239.0 
241.0 
3 x 0  
238.1 
242. 1 
278.1 
238.5 
2s0.5 
238.5 
280.5 
279.8 
2iY.2 
2i9.3 
I spots 

86.3 
09.3 
90.8 

w. I 

92.2 
100.1 
91.8 

100.3 
92.2 

100.2 
91. 1 

100.1 
91.9 

100.9 
91. 1 

101.1 
348.5 
0 . 5  

101.5 
347.3 
89.3 

102.3 
347.7 
91. 

loo., 
347.5 
94.5 

348.7 
94.7 

281.4 
348.4 
2so.8 
348.8 

99.2 

- i . O  
+13.0 

-7.0 
f13.0 
+6.0 
-Y.O 

f l3 .0  
+6 .0  
-8.0 

+ E O  
f6. 0 
-6.0 

+12.0 
-7.0 

f l2 .0  
-7.0 
-6.3 
-5.0 
-7.0 

+4. 0 
0.0 

f3.0 
0.0 

+5.0 
+3.4 
+0.2 
+4.0 

0.0 
+4.0 

0.0 
+3.0 
-1.0 
4-3.0 
-1.0 
+a. 0 
-1.0 

f10.0 
+2.0 
-1.0 

+ l O , O  
+3.0 
-1.0 

flO.0 
+3.0 
-1.0 

+lo. 0 
f4.0 

+lO.O 
+4.0 
-9.0 

+ l l . O  
-9.0 

f l l . 0  

._.....__._. 

June 4 
4:34a ....-. 
4:30a ....-~ 
3:36 a...-. 
3:32 a...... 

June  7 
5:46 a-..... 
5:428 ....-. 
552  a...... 
5:18a ..~... 

June 8 
5:55a --...- 
5:36 a-..... 
5:30a .-.... 
5:Ol a.-.... 
4:56a ...... 
4:36a ...... 
4 2 9 8  ...... 
3:48a ...... 
3 2 2  a-.-... 
1:OYa ...... 
1:02 a...... 
0:12 p . . . . . 
0:18 p.. . . . 
2:Mp ..... 
2:59p ..... 
3:51 p . . . . . 
4:Mp ..... 
4:28p ..... 
4:31 p...-- 

: 3 0 6  
3 1 4  
41-30 
42-16 

16-55 
17-24 
3148 
21-56 

1 5 4  
1S-37 
19-45 
25-17 
2+14 
3 0 5  
31-23 
39-24 
4"31 
6S15 
(i+10 
73-57 
73-30 
49-10 
4%50 

3 m  
31-37 
31-00 

3s-513 

0.814 
0.839 
0.9x2 
0.994 

0. ljW 
0.701 
0. !90 
0. t80 

0.649 
O.64 i  
0.666 
0.831 

0.547 
0.575 
0.601 
0.614 

10 59 

10 40 

13 22 
13 0 
13 17 
14 31 
14 13 

11 1 

11 2 

9 20 

-15.6 
+ai. 0 
-2.0 

f 4 0 .  o 
+54.0 
+w.5 
f8O.O 

1 
-.%.I) 

-70.0 

-hO.9 
-55.4 
-47. 5 
-43.5 

-73.0 

-"i. 0 

0.sw 
1.000 
1.015 
1. 1-10 
1.141; 
1.214 
1.281 
1.330 
1.340 
1.430 
1.450 
1.460 
1.4GO 
1.360 
1.350 
1.300 
l.?liO 
1.?SO 
1.270 

0.739 
0.753 
0.773 
0. s:? 
0.ss1 
0.SM 
0.874 
0.901 
0.912 
0 . 8 5  
O.Yb0 
0.979 
0.975 
0.966 
0.946 
0.901 
0.593 
O.Xli3 
0.8.5~3 

___.. 
204 
359 

164 

158 

139 
.__._ 

93 

108 
.____ 

25 _ _ _ _ _  
...__ 

15 

_..._ 

_._.. 

.____ 

_ _ _ _ _  
.._.. 

_.... 
-.-.. 

3 

.__._ 

.... ~ 

123 
123 
_.... 

93 
..-.. 

.__.. 

501 __..._ 
- - -. -. . . - - -. . 
_____.. 613 

281 .._.__ 
.__.... 445 

289 __.___ 
____... 447 

309 _ _ _ _ _ _  
_____._ 448 

247 _ _ _ _ _ _  
_____.. 340 

340 _ - _ _ _ _  
_._____ 4448 

123 _ _ _ _ _ _  
340 _ _ _ _ _ _  

..___._ 485 
154 ....-- 
216 _._.__ 

..-.... 385 
154 ._._.. 
185 _ _ _ _ _ _  

......- 342 
154 .._... 
185 339 
154 -..... 

..-.... 277 

............. 
24i  370 

247 340 
. _. -. . - . - - - - - 

9 0 

14 13 

14 7 

13 26 

-35:0 
-30.0 -a 0 
-15.0 
-6.0 
-1.0 +a. 0 

+11.0 June  9 
4:08a .-.... 
4:02 a--.-.- 
320  a-...-- 
3:15 a.---.. 

35-32 
3 W 3  
44-52 
45-47 

1.U83 
1.084 
1.163 
1.169 

.w4 

.609 
,846 
,850 

10 30 

10 23 

14 39 

11 3 

11 59 

12 5 

10 55 

+a. 0 
-80.0 
+32.0 
+33.0 
-68.0 
+34.0 
+4i. 0 
-52.0 
4-52.0 
f61.0 
-41.0 
+tit;. 0 
-26.0 
+80. 0 
-80.0 
-13.0 
-68.0 

0.0 

June 10 
5:52 a----.. 
5:40a----.. 
5: Ma--.... 
4:52 a...... 
4:00a.. -.. 
3:58 a---.-. 
3:38 a-..... 
3:33 a----.- 

June 23 
2:28p-.-.. 

3:39 p...-. 
3:49p----. 
4:ca p-.-..- 
4:12p -.... 
4:32 p----- 
4:37 p - - - - -  
4:40p ....- 

2 3 6  p--.... 

15-43 
17-57 
24-47 
2i-05 
37-10 
38-10 
41-29 
42-39 

55-07 
53-37 
41L.B 
3%54 
35-47 
35-01 
31-08 
30-10 
%.36 

,857 
. Y 3 8  

1.059 
1.132 
1.239 

1.268 
1.273 

1.236 

.686 

.708 

.807 

.81S 
,881 

.9)7 

.912 

,884 

1.293 
1.330 
1.26 
1.250 

1.195 
1.086 
1.051 
1.038 

I. 173 

,910 
.903 
,858 
,841 

,824 
,767 
,762 
,764 

.a27 

June 24 
3:12 a.-.... 
3:02a-.--. 
1:14 a....-. 
1:m a...... 
029 a...... 
0:22 a...-.- 
1:oop ...-. 
1:08p.---_ 
217  p-.--- 
225 p-.--- 
3:44 p-----. 
3:50p ..... 
4 2 2  p-  . - - - 
4:ui p- - - -. 
4:44 p-- . - -  
4:49p-..-- 

46-40 
48-36 
67-58 
6.3-40 
73-22 
73-50 
7wY.l 
68-54 
57-07 
55-38 
4&27 
3%17 
33-04 
32-18 
28-48 
27-51 

1.471 
1.455 
1.466 
1.416 
1.425 
1.407 
1.384 
1.298 
1.390 
1.2X~ 

,985 
.950 
,960 
,949 
,946 
.w 
,880 
.E61 
,863 
.819 

I. 
gr . 
cal . 

- 

0.491 
'1.499 
'1.655 
0.56ti 
0. lili 
9.61 .'I 

0.610 
9.616 

1.674 
'1. 667 
0.554 

0.535 
9.538 
7. 604 
0. fil4 

0.464 

0.452 

0. 5 7 ~  

1.4X 

Q. 498 

u. 594 
I). e29 
'I. 642 
0 . 6 7 i  
'1.6s: 
0.699 
0.704 
0. 724 
0.74s 
0.790 
! I .  7% 
11, 7.58 
u. 745 
U. 751 
!I, 747 
0. CY8 
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0.875 0. m1 

P.=49.9. 
Fr. Vu.  coin- 

ing up. 

0.910 0.6SP 
1. 14? 0.778 
1 . 1 5 ~  n.sM 

4 
1932 

June 1 (Naval Ohservatory).-..~. 
June 2 (Navol Ohservatory) .. . . ~. 
June 3 (Naval Observatory) .-...- 
June 4 (Naval Observatory ).....~ 
June 5 (Naval Observatory) -..... 
June 6 (Naval Olwrvntory) .... .. 

June 7 (Naval Ohservatory) ...... 

June 8 (Naval Observatory L... 

June 9 ( N a r d  Ohsrrvatory) .-.... 

June 10 (Naval Ohservstory) ..... 

June 11 (Naval Observat.ory! ..... 

June 12 (I-erkes Ohservatory) .... 
June 13 [.Perkins Observatory). _. 
Juue 14 (Naval Ohservatory) ..... 
June 15 (Naval Observatory) ..... 
June 16 (Naval Observatory)..-.. 

June 17 (Naval Ohserratory) ..... 

June 18 (Yerkes Observatory) L.. 

I SllOtS' 
276.3 " 0 
?77.1 I 3 0  

Clouds . -2.0 
10 23 --29.0 

-25.0 
-1-11. n 

..... 185 .___.. .....I 247 1 432 
_._.. 185 .._.__ 
216 .__.... 401 

P=l;:3.1;. 

Fcw Fr. ( 'u .  
June 19 (hlount  Wilson) __..___. 

June 20 (hfouut Wilson) ..--.... 

June 21 (Naval Observatory)..-. 

June 22 (.Naval Observatory) .... 

June 23 (Naval Ohservnturg) .... 

June 24 (Naval Observatory)..-. 

June 25 (Naval Observatory ).... 

June 26 (Naval Observatory) .... 

June 27 (Naval Observatory) L .  

June 28 (Naval Observat.ors).... 

June 29 (Naval Obserrat.ory ).... 

June 30 (Naval Obse rva to ryL .  

hfenn daily area for June.. 

Clouds. 

P=58.4. 

Cirri. 

P=6l  4. PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR 
JUNE, 1932 

[Data furnished through the courtt?sy,of Prof. W. Brunner, University of Zurich, 
Switzerlaud] 

(Dependent alone on observations a t  Zurich and i ts  station a t  Arosa) 

June, 1932 I numbers Relative 1) June, 1932 I :$:g 11 Juue, 1932 I f:k:z 
1.372 ,952 
1.366 ,964 
1.4Y2 ,981 

P=G8.3. 
r h i n  cirri. 

21- 
22- 
23- 

1.234 ,842 
1.154 ,831 
1.129 ,820 

TABLE 4.-Approximate chaTncteriaticR oj  veslibiiles of pyrheliometers 

Instrument 
22 
24 29-------1 30- - - - - - - 

0 ,  

6 0 4  Meau: 29 days.22.0. 
a =  Passage of nu nrerage4zed group through the central iileridian. 
b= Passage of a hrge groiip or spot through the central meridian. 
c=New foruiation of L venter of activity: E,  on the eastern parc of the sun's disk; W, 

I n  the above table A=diameter of inner diaphragm. B=diameter of outer diaphragm, 
D=distance between the two diaphragms, and e = t h e  angle of aperture. For more 
detailed information concerning vestibules and angular openings of various types of 
instruments, see the  MONTHLY WEATHER REVIEW, 65: pp. 48-55. 

on the western part. hl in the central zone. 
d=Ent ra rce  of a ' lsrie or average-sized center of activity on the east limb. 


